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Cytotoxic chemotherapy is one of the modalities in breast cancer treatment, whether it is a neoadjuvant or adjuvant that aims to downstage, downsize and prevent metastasis to other organs. 1 Cytotoxic chemotherapy, on the other hand, has side effects such as neutropenia and leucopenia, since the chemotherapeutic agents work indifferently on cancer cells and on normal cells which actively proliferate, such as blood cells. 2 Cyclophosphamide is one of the leading drugs for combination cytotoxic chemotherapy regimen in breast cancer treatment. Cyclophosphamide is a prodrug that requires phase I biotransformation for the activation of the cytotoxic active metabolite being mediated by CYP450 enzyme. Detoxification of cyclophosphamide requires phase II biotransformation mediated by glutathione S-tranferase 1 (GSTP1) enzyme by catalyzing the active metabolite with glutathione to form a non-toxic water soluble metabolite.
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GSTP1 is an important enzyme in detoxifying cyclophosphamide metabolites. This enzyme is expressed by GSTP1 gene which is located on the chromosome 11q13 and has non-synonymous nucleotide polymorphism at exon 5 at nucleotide 313 (SNP's ID:rs1695) where adenine changes to guanine. 4 This causes the substitution of amino acid from isoleucine to valine at codon 105 which results in lower affinity between GSTP1 and its substrate up to 30% and affects the catalytic activity of GSTP1 during phase II biotransformation where the active metabolite is catalyzed to a non-toxic water soluble form. 5 Zhang et al 6 found that GSTP1 variant 105 Val has lower temperature stability which is influenced by catalytic activity of its substrates. Patients with homozygous isoleucine (Ile/Ile) have the highest GSTP1 enzyme activity and patients with heterozygous Ile/Val have a lower enzymatic activity compared to the homozygous mutant Val/Val. 6 A study done by Zhong et al 5 also found that GSTP1 activity in the erythrocyte was two to three times lower in GSTP1 Val/Val compared to Ile/Ile in various age groups. 5 The polymorphism effect on GSTP1 enzymatic activity will have a downstream effect on activity of the cyclophosphamide detoxification process and its toxic metabolites (phosphoramide mustard and acrolein). This will accumulate toxic metabolites in the body which increases the risk of hematologic toxicity then severity in chemotherapy containing cyclophosphamide afterward. 6, 7 Tran et al 8 reported that CYPB26, GSTA1, GSTP1 polymorphisms were related to incidence of severe hematologic toxicity in glomerulonephritis patients who receive cyclophosphamide therapy. 8, 9 Similar observations were also seen in studies done by Zhang et al 6 and Artini et al 10 which showed that breast cancer patients with GSTP1 Ile/Val and Val/Val polymorphisms has a tendency to experience the heavier degree of hematologic toxicity after chemotherapy compared to the wild type (Ile/Ile). 6, 10 To sum up the literature review, it is an urgency to downsize the number of drug-induced hematological toxicity especially leucopenia and neutropenia in our population from who were diagnosed breast cancer receiving cyclophosphamide, adriamycin/epirubicin and fluorouracyl regimens (CAF/CEF). This study conducted by aiming to determine the influence of genetic variance in the GSTP1 gene involved in detoxification of cyclophosphamide active metabolite could affect susceptibility on the incidence and severity of hematologic toxicity after cyclophosphamide chemotherapy.
METHODS

Patient selection
From July 2013 to February 2014, 91 Indonesian women were recruited in this retrospective cohort study. Subjects were selected from surgical oncology outpatient clinic of Adam Malik Hospital, Medan, Indonesia who fulfilled elligibility criteria in terms of a histopathological diagnosis as gold standard of breast cancer diagnosis which had been hospitalized and treated with a combination of cyclophosphamide, doxorubicin/epirubicin and 5-fluorouracyl (CAF/CEF). These regimens comprise 500 mg/m 2 of cyclophosphamide, 50 mg/m 2 adriamicyn or 50 mg/m 2 epirubicin, and 500 mg/m 2 5-FU intravenously on day one of each 21 day-cycles, and repeated for a total of a minimum of three cycles of treatment. They had normal hematopoietic, liver, and renal functions prior to chemotherapy and excluded if they have received radiotherapy two months prior to chemotherapy, consumed enzyme inducers, and immunosuppressant less than two months prior to chemotherapy. Then, patients were recruited by consecutive sampling with inclusion and exclusion criteria set above. The protocol of this study was approved by Medical Faculty of Universitas Sumatera Utara Ethical Committee (No. 322/KOMET/FK USU/2013).
Demographic, clinico-pathological data and blood samples were collected from patient notes and medical record at medical oncology outpatient clinic where patients attended to treatment or follow-up regularly.
Genomic DNA isolation
After written informed consent was obtained from all participants, blood sample from each patient was collected into ethylenediaminetetraacetic acid (EDTA) containing storage tube and stored at -20°C before deoxyribonucleic acid (DNA) extraction, then genomic DNA was purified from peripheral blood leucocyte using the Wizard® genomic DNA purification kit (Promega, USA) with procedure commonly used in integrated laboratory of Medical Faculty of Universitas Sumatera Utara An amount of 1 mL of peripheral blood containing EDTA was transferred to Eppendorf tube and centrifuged in Eppendorf centrifuge 5,430 at speed of 3,000 RPM for 15 minutes at room temperature. The pellet-leucocyte form was pipetted as many as 300µL transferred to Eppendorf tube containing 900µL of red blood cell (RBC) lysis solution, then inverted three times and incubated at 3-5°C for 10 minutes. The sample was then centrifuged in centrifuge 5,702R at a speed of 13,000 RPM for three minutes at room temperature. The supernatant was removed by leaving the pellet in the form of mononuclear leucocytes.
The purification were repeated three times to obtain a white pellet, named as consideration the absence of red blood cells. Then the white pellet was added 300µL of nuclei lysis solution (NLS) and inverted until it became a homogenous solution. Next the solution added 100µL of protein precipitation solution and vortexed with an auto vortex (Biosan V-1 Plus) for 20 seconds. The lysate was centrifuged at 13,000 RPM for one minute at room temperature. Then, the supernatant was poured into a new Eppendorf contained 300µL isopropanolol. The tube was inverted 25 times until it formed a collection of DNA strands. Then the samples were centrifuged at 13,000 RPM for one minute at room temperature, so that DNAcontaining precipitate appeared white. The supernatant was removed and then added 1 ml of cold 70% ethanol, this mixture was then centrifuged at 13,000 RPM for one minute at room temperature. The supernatant was discarded and the DNA dried in open air by reversing the tube for one hour. DNA was rehydrated with 100µL DNA rehydration solution and then incubated at 4°C overnight. DNA yields were not estimated their concentration. Then they were stored at -80°C until all of samples collected.
Genotyping of GSTP1 single nucleotide polymorphism
The amplification of isolated DNA was performed with polymerase chain reaction (PCR) with each reaction containing DNA GoTaq ® Green Master Mix (Promega), the sequences of the forward and reverse primers for GSTP1 exon 5 were 5'-GAG GAA ACT GAG ACC CAC TGAG-3' and 5'-AGC CCC TTT CTT TGT TCA GCC-3', 10,11 nuclease free water, and DNA template with the final volume of 25μL. The DNA chain was denaturated by incubation at 94°C for five minutes, followed by 35 series of chain reaction (94°C for 30s, then annealed at 61°C for 30s, and 72°C for 30s) followed by final expansion step at 72°C for five minutes.
The PCR products were then visualized using 2% agarose gel electrophoresis stained with ethidium bromide and a DNA fragment at 424 bp confirmed the amplification. The PCR products were then subjected to enzyme restriction with BsmA1 and incubated for 30 minutes at 55°C followed by visualization with 3% agarose gel electrophoresis stained with ethidium bromide. The wild type (A/A) allele showed fragments at 292 and 132 bp, the heterozygous allele (A/G) showed fragments at 292, 222, 132, and 70 bp and the mutant (G/G) showed fragments at 222, 132, and 70 bp.
DNA sequencing
To validate data generated by polymerase chain reaction-restriction length fragment polymorphism (PCR-RFLP) assay, 10% of the samples of unpurified PCR product were randomly sent to macrogen Inc and sequenced. The results of PCR product sequence were analyzed using basic local alignment search tool (BLAST ® ).
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Assessment of hematological toxicities
The degree of hematological toxicity was evaluated from leukocyte and neutrophil count on day 19 after chemotherapy cycles one and three based on common terminology criteria for adverse events (CTCAE v.3.0). 
Statistical analysis
Qualitative variables were summarized by their frequency distribution and quantitative variables by their mean and standard deviation (SD) or median and interquartile range.
GSTP1 genotypes were tested as to whether they were distributed according to Hardy-Weinberg Equilibrium. Chi square test for deviation from Hardy Weinberg equilibrium was used to estimate differences in allele frequencies. The influence between GSTP1 genotype with cyclophosphamideinduced leucopenia and neutropenia after chemotherapy series one and three were estimated using p value. A p<0.05 was considered statistically significant.
RESULTS
Demography characteristics and subjects clinicopathology
Total of 91 patients with the avarage age of 52.53±8.79 years (range 30-76 years) were evaluated in this study. The subjects consist of several ethnic groups consisting of 41 Bataknese patients (45.1%), 30 Javanese patients (33.3%), nine Acehnese patients (9.9%), eight Malay (8.8%), and the three rest patients (3.35%) consists of Chinese, Dayaknese, and Indian ethnics. The clinico-pathological features of the subjects and variant genotype could be seen in Table 1 .
DNA
amplification to detect GSTP1 polymorphism Interpretation of RFLP product for the A313G on 424 bp PCR fragment with BsmA1 were shown by different pattern on gel electrophoresis (Figure 1) . Digestion of the 424 bp fragment of 
Distribution of GSTP1 polymorphism
The genotype distribution of the patients is shown on Figure 2 which demonstrates that 55 patients (60.4%) had the wild type (A/A), while 27 patients (29.7%) were heterozygous (A/G), and nine patients (9.9%) were homozygous mutant (G/G). The allele frequencies of single nucleotide polymorphism (SNPs) A313G GSTP1 gene on this groups were 45 (24.73%) of G allele, which is considered as minor allele frequency and 137 (75.27%) of A allele classified as the major allele frequency.
In this study, we compared the distribution of GSTP1 genotype and allele frequency in various populations including Indonesian, South Korean, North Chinese, Taiwanese, Brazilian, Italian and tested for Hardy-Weinberg Equilibrium. The Figure 2 . Distribution of genotype GSTP1 A313G polymorphism on subjects. The genotype distributions of the patients were as follows, 60.4% of the patient has the GSTP1 313AA (wild type), while 29.7% is GSTP1 313AG (heterozygous), and 9.9% is GSTP1 313GG (homozygous mutant) results are shown in Table 2 . The distribution of GSTP1 A313G genotypes in our data showed that it was not significantly deviated from HardyWeinberg equilibrium (p>0.05).
Hematologic toxicity incidence
The incidence of hematologic toxicity was evaluated from neutropenia and leucopenia after chemotherapy. The incidence of neutropenia in this study after cycle one chemotherapy was Table 2 . Distribution of GSTP1 genotypes and allele frequency by Hardy-Weiberg Equilibrium on breast cancer patients in various population * Significant; GSTP1= glutathion S-transferase P-1
Degree of hematological toxicity
After first cycle n (%)
After third cycle n (%) Grade IV -1 (1.1) Table 3 . Degree of hematological toxicity after first and third cycles chemotherapy 38.5% and increased to 59.4% after chemotherapy cycle three. The incidence of leucopenia after the first cycle chemotherapy in this study was 12.1% and increased to 36.3% after the third cycle chemotherapy (Table 3) .
GSTP1 polymorphism and hematologic toxicity
This study did not found difference in degree of neutropenia after CAF/CEF chemotherapy cycle one between the GSTP1 313AA and the GSTP1 AG+GG genotypes, as well as post-chemotherapy cycle three.
This study reported did not found difference in degree of leucopenia after CAF/CEF chemotherapy cycle one between the GSTP1 313AA and the GSTP1 313AG+GG genotypes but a significant difference in degree of leucopenia was found after cycles three chemotherapy (p<0.05) ( Table 4 and  Table 5 ).
DISCUSSION
Cyclophosphamide is a cytotoxic agent used for breast cancer treatment which can suppress cancer and normal cell such as blood cells since these cells are actively proliferating. 2 Blood cells with the shortest life span will firstly experience suppression and followed by other cells with the order of neutrophils, leucocytes, platelets and erythrocytes. 2, 13 In this study, 38.5% and 59.4% of breast cancer patients suffered neutropenia after first and third cycles of CAF/CEF chemotherapy respectively. Previous study by Han et al 14 also showed similar results. In early stage breast cancer, 52.5% patients who received CEF adjuvant chemotherapy experienced neutropenia with mild neutropenia (degree one and two) of 41.5% and severe degree (degree three and four) of 11%. 14 The incidence of neutropenia after first cycle chemotherapy in this study is higher than previous study done by Keswara et al 13 which shows the incidence of neutropenia 27.4% after 12 days of cycle one CAF chemotherapy.
13 his difference might be due to difference in time of observation. In this study, neutropenia occurred on day 19 whilst in the study of Keswara et al 13 it took place on days seven and 12.
In this study, 11.1% and 36.3% of breast cancer patients suffered from leucopenia after first and third cycles CAF/CEF chemotherapy, respectively. The results after third cycle chemotherapy closely resemble previous study by Artini et al 10 which showed 38% of breast cancer patients receiving cyclophosphamide in taxan-based and antracyclin-based regimens, experienced leucopenia after treated overall cycles of chemotherapy. 10 The incidence of leucopenia in this study, however, was much lower than the study done by Palappallil et al 15 in breast cancer patients receiving CAF regimen. These authors reported that 66% and majority of the subject only showed degree one leucopenia. 15 The difference in incidence of leucopenia between this study and study of Palappallil et al 15 may be attributed to difference in observation times: cycles one and three in this study vs all cycles in this study.
In this study, genotype counts did not significantly deviate from those expected from the HardyWeinberg equilibrium (p=0.053). This finding is similar to the Yogyakarta, Indonesian, 10 Khazakstan, 16 Chinese, 7 Taiwanese, 17 Brazilian, 18 and Italian. 19 But in Malay subjects from our http://mji.ui.ac.id data showed a significant deviated from HardyWeinberg equilibrium. This result is similar to African American race from Brazilian population. 18 The present study investigates the influence of GSTP1 polymorphism on susceptibility of hematological toxicity induced by cyclophosphamide. Our results showed there was no difference in degree of leucopenia between GSTP1 genotypes after chemotherapy cycle one, which is in contrast with that after cycle three of chemotherapy. GSTP1 313AG+313GG genotype had higher incidence of three to four degree leucopenia than GSTP1 313AA genotype (p=0.035 and p=0.004). This may be due to the accumulation of cycloposphamide and its metabolites due to decreased activity of detoxifying enzymes GSTP1 for the GSTP1 313AG+GG genotype.
Our results also found that after cycles one and three chemotherapy, there were no differences in the degree of neutropenia between the GSTP1 313AA and The GSTP1 313AG+GG genotypes. The situation is different with the incidence of leukopenia, probably due to the shorter life cycle of neutrophil than that of leukocytes. So at day 19 post chemotherapy blood neutrophil levels have returned to normal Therefore, it is concluded that there is an association between GSTP1 polymorphism and hematological toxicity induced by cyclophosphamide. This finding is similar to previous study which showed higher incidence of severe hematologic toxicity in GSTP1 313AG+GG patients compared to GSTP1 313AA. This is in contrast to the findings of Ekhart et al 9 which stated that GSTP1 polymorphism had no influence on inter-individual cyclophosphamide and 4-hydroxycyclophosphamide pharmacokinetics. 9 Ekhart et al 20 stated that GSTP1 polymorphism cannot be the contributing factor to variations of toxicological response.
In conclusion, our data indicated that host constitutional variability such as GSTP1 polymorphism played a role in the severity of hematologic toxicity in patients receiving cyclophosphamide in CAF/CEF regimen. It will be interesting to determine the polymorphism of metabolic enzymes involved in phase I and phase II biotransformation, especially drugs involved in the chemotherapy regimens. By this way, individual analysis can be done to anticipate side effects of chemotherapy, especially hematologic toxicity.
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